The cells of inflammatory exudates contain two enzymes, one active in an alkaline, the other in an acid medium; the first belonging to the polynuclear leucocytes, and the second to the mononuclear phagocytes ( I ) . The present work is an attempt to determine whether there is a resemblance between the enzymes of fibrin and those of inflammatory exudates in their behavior toward acid and alkali.
The Enzymes o [ FibrSt. fibrin to stand in water, and found it dissolved, but no importance apparently was attached to this fact.
Alkali, in a five per cent. solution of sodium hydroxide, was tested by Deutschmann (II).
This dissolved the fibrin of certain small animals, such as guinea-pigs, rats, mice, in less than an hour; of the larger animals, namely, dog, cat, pig, ox, and man, in several hours. In fact, unless the fibrin was previously heated to boiling, all these substances, neutral salts, acids, or alkalis, dissolved it with varying degrees of ease. Warmth was found to favor the action, while a low temperature retarded but did not prevent it. These facts suggest the action of an enzyme, but this conception has been years in developing; the earlier investigators accepted the phenom, enon as a simple solution, the effect of a salt on fibrin.
The species of the animal was found to effect the ease of solution of the fibrin. Zimmermann, in 1846, reported that the fibrin of the ox and calf was insoluble, while that of man was soluble with difficulty. Deutschmann found the fibrin of the smaller animals more quickly soluble than that of the larger. Fermi, who experimented with the fibrin of the pig, sheep and horse found that the pig's fibrin dissolved most easily, the calf's with most difficulty, while fibrin of the horse and fibrin of the sheep were intermediate.
The view that a simple solution of fibrin occurs in the presence of various substances has had many supporters, even to within a few years. Evidence which weakened this theory was afforded by analysis of the resulting solution: two coagulable p roteids were found by Green, one coagulating at about 56 ° C. and the second at about 6o ° C. Other investigators (Hasebroek (12), Herrmann (13) , and Limbourg) found the coagulating point of the second product to be nearer 75 ° C., but agreed with Green upon the constant occurrence of these two products as a result of the solution of fibrin. Limbourg, in 1889, and Fermi, in 1891 , found a third substance non-coagulable and giving the biuret reaction. Limbourg proved it to be a peptone. In 1894 , Dastre again called attention to the formation of this third product, a soluble proteid, incoagulable by heat, and shown by the biuret test after the removal by heat coagulation of the two coagulable proteids previously mentioned. Dastre found this third product to consist of pro-peptones and peptones, and its presence caused him to consider the disappearance of the fibrin a chemical alteration, a true digestion, and to suggest once more the possibility of a soluble ferment either derived from the blood and adhering to the fibrin, such as pepsin or trypsin (the two latter being the only two soluble proteolytic ferments generally known at that time) or introduced into it by putrefactive organisms.
Many believed that the decomposition of fibrin was due to the putrefactive organisms, but this possibility was disproved by Green (9) , who conducted his experiments at a temperature only a little above freezing, and in a ten per cent. sodium chloride solution, too strong a solution to favor the putrefactive organism ; and by Dastre, who took every precaution to exclude micro6rganisms and used a fifteen per cent. sodium chloride solution and a two per cent. sodium fluoride solution. Other observers have prevented development of micro6rganisms by a variety of substances, such as chloroform, alcohol, phenol, ether, thymol, hydrocyanic acid and toluol.
Putrefactive organisms being excluded, a possible enzyme was still to be found. Dastre discredits the idea that pepsin is present in amount sufficient to digest fibrin, for otherwise pepsin could ahvays be found in considerable quantities in the blood, and its presence cannot be demonstrated. Moreover, pepsin must act in an acid medium; two per cent. sodium hydroxide destroys pepsin, but dissolves fibrin. Neither, Dastre adds, can it be trypsin, because trypsin breaks down fibrin into true peptones, with formation of tyrosin; but no matter how long fibrin remains in salt solution, no tyrosin is produced.
Though Friedrich Miiller (14) had demonstrated in 1888 the presence of a proteolytic enzyme in the leucocytes, its part in the solution of fibrin was not investigated until Rulot proved in 19o 4 that the digestion of fibrin was caused by leucocytes imprisoned in the meshes of fibrin. Rulot's work is particularly satisfactory because it is so conducted as to control the presence or absence of leucocytes, and to measure the results of digestion, not macroseopically, but more accurately, by the Kjeldahl determination of nitrogen. In order to get pure fibrin, free from leucocytes, he used two methods. In one he prevented the clotting of the blood by the addition of sufficient concentrated salt solution to make the whole volume of blood a four per cent. solution of sodium chloride. The blood was allowed to settle and the supernatant plasma was pipetted off and filtered. When diluted to about four times its volume with water at about 5 °o C., fibrin was formed. In the second method of obtaining pure fibrin coagulation was prevented by injecting a solution of pro-peptone into the external jugular vein; from the plasma after centrifugalization and filtration, fibrin was formed by a current of carbon dioxide. This pure fibrin was very nearly insoluble in saline solutions, but the same fibrin taken from unfiltered plasma and having added to it the superficial layer of corpuscles, containing great numbers of leucocytes, digested rapidly, with the formation of peptones and pro-peptones, which were rarely found after the very slight solution taking place with pure fibrin.
Rulot's work has so well established the fact that disappearance of fibrin in salt solutions is due to the action of a proteolytic enzyme present in the leucocytes, that the present work is devoted to a study of the effect of acid and alkali on the digestion of fibrin, with a view to testing the identity of the enzyme or enzymes present with those already demonstrated in the leucocytes of inflammatory exudates.
Methods.--The methods used have been two. First, solution of fibrin, observed by a macroscopic examination of fibrin suspended in acetic acid and in sodium carbonate of concentration from o.I per cent. to five per cent., and in neutral solutions. Macroscopic evidences of the progress of solution are the disappearance of the fibrin, the turbidity and final clearing of the solution, though the last two factors are of slight importance. The time required for the solution of fibrin is a rough indication of the activity of selfdigestion. The presence of peptones or albumoses in solution was shown by the buiret test, after the removal of the coagulable proteids by precipitation with trichlor-acetic acid and filtration, the alkaline solutions being neutralized before the addition of the acid.
The second method, which is far more reliable, is the determination by the Kjeldahl method of the nitrogen in soluble incoagulable substances formed from fibrin. This method was used first to measure the degree of autolysis of fibrin alone. The small figures representing nitrogen in incoagulable substances obtained after solution of fibrin were apparently due to the limited amount of proteid (fibrin) upon which the enzyme might act. To gain an idea of what the enzyme was capable, it was thought desirable to furnish additional proteid, such as heated serum, which a proteolytic enzyme could attack. The figures obtained were much greater than with fibrin alone.
Fibrin was prepared in the ordinary way, by whipping freshly drawn blood. The fibrin was then washed with running water for several hours and dried by squeezing in sterile gauze. For the macroscopic study of solution, o.I gram of fibrin was added to each test-tube in which the total volume of liquid was five cubic centimeters, and incubated for four days at a temperature of 37 ° C.
For the experiments in which digestion was measured by the Kjeldahl method, o. 3 gram of fibrin was added to flasks, each of which contained a total volume of twenty-five cubic centimeters, five cubic centimeters of heated serum, acetic acid or sodium carbonate varying from o.2 to five per cent. and sodium chloride solution (o.85 per cent.) to make up the required volume. These flasks were then incubated for five days at 37 ° C. ; the contents was coagulated by heating in the water bath, after addition of magnesium sulphate and acidifying with a one per cent. acetic acid solution. The contents o[ the flask were neutralized by a one per cent. sodium hydroxide solution, and brought to the boiling point over the flame. The incoagulable proteid was then filtered directly into Kjeldahl flasks, the coagulum being washed repeatedly, digested with sulphuric acid and distilled. The amount of nitrogen is expressed in cubic centimeters of 1/10 N sulphuric acid.
Fibrin dissolved to a considerable degree in all strengths of alkali (sodium carbonate) from o.I to five per cent., the buiret reaction being more marked after solution in the lower strengths from o.I to o. 5 per cent.
In acetic acid, fibrin dissolved somewhat in strengths from o.I to four per cent., very little, if at all, in a five per cent. solution. The biuret reaction after coagulation with trichlor-acetic acid, was more marked in the weakest acid, that is, from o.I to o. 4 per cent.
The strongest buiret reactions were obtained when fibrin was incubated in neutral media and in o.I and 0.2 per cent. solutions of carbonate. The biuret test was not always strongest when the disappearance of fibrin had been greatest, though this relation existed as a rule. Observation of solution, with the biuret test as a measure of incoagulable proteid, was very unsatisfactory. The nitrogen determinations by the Kjeldahl method gave far more decisive results.
In proof of the fact that the enzyme of fibrin acts on foreign proteid as well as on fibrin itself after incubation at 37 ° C. during five days, the following experiments are given, the amount of nitrogen of the incoagulable proteid being expressed in cubic centimeters of ~0 N sulphuric acid. These nitrogen determinations show that in whatever strength of carbonate digestion proceeds, there is always some production of an incoagulable proteid. Experiments 4 and 5 were performed with the same fibrin and serum; in Experiment 5, digestion was stopped at the end of twenty-four hours, while in Experiment 4 it was allowed to continue for five days," the period allowed for digestion in the other experiments. Judged by the macroscopic disappearance of the fibrin and by the clearness of the solution there was about as much proteolysis at the end of twenty-four hours as at the end of five days, while the Kjeldahl method showed a decided increase after the longer period.
While in the majority ~f experiments digestion in 0.2 per cent. carbonate has been greater or approximately equal to that in neutral solution, in several experiments no digestion occurs in the o.2 per cent. carbonate, though digestion in neutral solution has been active. It has not been possible to explain these exceptions. The same divergence is found in the following experiments, in which (save in the last) washed polynuclear leucocytes from sterile pus produced by repeated intrapleural injection of turpentine, have acted upon heated blood serum. In the last experiment leucocytes were obtained from an abscess produced by subcutaneous injection of turpentine. The foregoing experiments with fibrin (Tables I and II) demonstrate the presence of an enzyme which acts either upon fibrin or upon foreign proteids, such as those of heated blood serum, in the 1'he En~.ymes of Fibrin. presence of a neutral or very weakly alkaline reaction. A strength of alkali greater than o.2 per cent. sodium carbonate is unfavorable to the action of this enzyme and inhibits it. By increasing the strength of alkali to from two to three per cent. sodium carbonate there is an increase of incoagulable nitrogen-containing substances which doubtless are not referable to enzyme action, and perhaps are formed by action of the stronger alkali upon proteid. Incomplete coagulation in the presence of a large quantity of sodium carbonate, which is accurately neutralized with difficulty, may explain part of the increase of nitrogen obtained in the presence of the higher percentages of alkali.
Digestion in the Presence of Acid.--The amount of nitrogen produced by autolysis of fibrin in the presence of acetic acid is given in the following table. I'95--1.6
x.35
The table does not give evidence that a ferment c.apable of digesting in the presence of weak acid is present in any considerable amount. In two experiments solution with acid was greatest in the presence of o.2 per cent. acetic acid and may have been referable to enzyme action. The figures obtained are so small that definite conclusions are not possible. In the following experiments fibrin was allowed to act upon heated serum in the presence of acid. Since the figures thus obtained are much greater than those with autolysis alone, it must be assumed that the proteid of the serum has been decomposed.
The mononuclear cells of an inflammatory exudate contain an enzyme which digests proteid in the presence of weak acid and fails to digest in the presence of an alkaline reaction. The following experiment, in which fibrin was obtained from the pleural cavity six days after the injection of turpentine, shows the behavior of this enzyme in the presence of various strengths of sodium carbonate and of acetic acid; at this time the enzyme of the polynuclear leucocytes has disappeared from the fibrinous exudate (I). Enzyme digesting in alkali (leucoprotease) is present (Table  VI) , if at all, in very small amount, but the enzyme (lymphoprotease), which digests in acid, is active. The experiment suggests that this enzyme digests well in the presence of a neutral medium. This fact may explain some of the discrepancies previously noted (Table II) . Table VI shows that the enzyme of fibrin of the inflammatory exudate, which is active in o.2 and o. 5 per cent. of acetic acid, is almost completely inhibited by two per cent. acid. The higher figures obtained with greater strength of acid are probably referable to direct action of the acid upon the proteid used, or to incomplete coagulation as the result of inaccurate neutralization. In all of the experiments with fibrin of the blood figures obtained with o.2 per cent. of acid are considerably greater than those of the control. That enzyme of fibrin which acts in an alkaline medium is identical, it has been shown, with leucoprotease obtained from ploynuclear leucocytes of an inflammatory exudate. But since leucoprotease when obtained by treatment of leucocytes with alcohol and ether fails to cause digestion in the presence of acid, that digestion which occurs with fibrin of blood in the presence of acid is explained by assuming the presence of a second enzyme.
When fibrin of blood acts on heated serum in the presence of acetic acid, increasing the strength of the acid produces a corresponding increase in the amount of nitrogen (Table V) , the maximum, as a rule, being reached with a two per cent. concentration of acetic acid. Further increase causes an inhibition of formation of incoagulable nitrogen containing substances. This maximum of digestion in two per cent. acid has not been observed with the enzyme of the inflammatory exudate, and is not explained by the available data.
To test further whether the amount of proteid disintegration obtained was due to the enzyme action, or merely to the action of the acid on the proteid, the effect of unheated fibrin and of fibrin heated to IOO ° C. upon heated serum was tested, and for further comparison the action of acid alone on heated serum. The experiments with the heated and unheated fibrin show a greater production of incoagulable nitrogen when the enzyme has not been destroyed by heating, while those with heated serum suggest that the acid itself in strength from two to five per cent. causes disintegration of fibrin and of proteid, increasing with the strength of the acid.
ConcIusions.--(a)
There is present in fibrin an enzyme which acts in a neutral and slightly better in an alkaline medium, thus resembling the enzyme present in the polynuclear leucocytes obtained from an inflammatory exudate. This enzyme acts not only on fibrin, causing autolysis, but upon foreign proteid (coagulated blood serum) as well. The action of this enzyme is inhibited by increasing the strength of the alkali above 0.2 per cent. sodium carbonate.
(b) Fibrin contains an enzyme which acts in the presence of a weak acid. This enzyme acts upon foreign proteid as well as upon fibrin itself and is probably identical with the similar enzyme which occurs in the large mononuclear cells of an inflammatory exudate.
